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Method for determining THE, eo.sJHQM -OF a mobile station , 

The invention relates to a method for determining the position of a 
mobile station located in the coverage area of a base station in a radio system, 
5 in which method the base station comprises equipment for receiving signals 
from the same mobile station simultaneously by at least two antenna beams 
directed in different directions, and in which method: the signal levels of the 
signals received by the different antenna beams are measured, the signal lev- 
els of the signals received from the same mobile station by the different an- 

10 tenna beams are compared, and the direction to the mobile station in relation 
to the base station is determined on the basis of the relations between the sig- 
nal levels measured for the different antenna beams. The invention further re- 
lates to a base station of a radio system, which base station comprises an- 
tenna equipment for receiving signals from a certain mobile station simultane- 

15 ously by at least two antenna beams directed in different directions, measuring 
equipment for measuring the signal levels of the signals received by the differ- 
ent antenna beams, calculation means which are responsive to the measuring 
equipment for determining the direction from the base station to the mobile 
station on the basis of the relations of the signal levels measured for the dif- 

20 ferent antenna beams, and equipment for defining a timing advance for the 
mobile station, which is in radio connection with the base station, to compen- 
sate for a time lag caused by the distance between the mobile station and the 
base station. 

By the notion antenna beams turned in different directions is here 
25 meant that the radio cell covered by the base station is divided into adjacent 
sectors from which signals related to the same logical channel (the same fre- 
quency channel and time slot) are received, and that a directional antenna or 
the equivalent is directed to each sector, by which antenna signals can be re- 
ceived from the sector in question. The antennas of the base station are, how- 
30 ever, preferably directed so that they overlap at least partly in the border 
zones between them. 

The invention relates to determining of the position of a mobile sta- 
tion in a cellular radio system, e.g. the GSM system (Groupe Special Mobile). 
Prior solutions are known where the position of the mobile station has, for ex- 
35 ample, been determined by checking from the home location register (HLR) of 
the mobile switching centre of the GSM-system in which radio cell the mobile 
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station is located at a certain moment. The most significant problem with this 
known solution is its inaccuracy. Since it can only be ascertained in which ra- 
dio cell the mobile station is located in the known solutions mentioned before, 
the accuracy of determining the position, of course, directly depends on the 
5 size of the radio cell in question. The size of the radio cells again totally de- 
pends on the properties of the radio system, but in the GSM system, for ex- 
ample, the inaccuracy of determining the position according to the radio cell 
can typically be several kilometers. 

However, in practice there has been a need for greater accuracy in 
10 determining the position of a mobile station. For example in connection with 
handover operations it would be necessary to determine the exact geographi- 
cal position of the mobile station. At present handover is, for instance in the 
GSM system, based on the signal level and quality of the signals received, 
and by no means on the position of the mobile station. Thus temporary radio 
15 disturbances can lead to an unnecessary handover operation, i.e. the mobile 
station is transferred from one cell to another when the signal level or quality 
falls below a predetermined level, after which the handover operation is re- 
peated but in the reverse direction, i.e. the mobile station is returned to the 
original cell when the disturbance is over 
20 Another situation where it would be necessary to determine the ex- 

act position of the mobile station is when a stolen mobile station or for exam- 
ple a SIM Card (Subscriber Identity Module) is to be located. In known solu- 
tions, where the inaccuracy in locating the mobile station is several kilometers, 
it is practically impossible to^determine the position of a stolen mobile station. 
25 SJLEdH MW - fl^ objecfofthe present inve ntion is to solve the above mentioned 
problems and to achieve a more precise method for determining the position 
of a mobile station. This aim is achieved by the method of the invention, which 
is characterized in calculating the distance from the mobile station to the base 
station on the basis of a timing advance given to the mobile station by the 
30 base station and the propagation speed of the radio signals. 

The invention also relates to a base station by which the method of 
the invention can be carried out. A base station according to the invention is 
characterized in that the calculation means comprise equipment for calculating 
the distance between the base station and the mobile station on the basis of 
35 the timing advance defined for the mobile station and the propagation speed 
of the radio signals. 
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The invention is based on the realization that the position of the 
mobile station can be determined with significantly greater accuracy than in 
known solutions when its signals are received by at least two antenna beams 
directed in different directions and when the audibility of the signals received 
5 by the respective beams from the mobile station is compared. In other words, 
the audibility of the signals transmitted by the mobile station is normally best 
for the beam that is directed straight towards the mobile station. Thus it can be 
determined within which beam the mobile station is located. When it is further 
known in which direction the beam in question is turned the direction to the 
10 mobile station can easily be determined. How near the centre or respectively 
the edges of the beam the mobile station is located can be determined by 
comparing the signal levels of the signals received by the beam in question to 
the signal levels of the signals received by "the principal beam". Thus the di- 
rection from the base station to the mobile station can be determined from the 
15 relation between the signal levels of the signals received by the respective 
beams. In addition to this the distance from the mobile station to the base sta- 
tion can, according to the invention, be calculated on the basis of a timing ad- 
vance given to the mobile station by the base station and the propagation 
speed of the radio signals. In the GSM system, for example, there is already in 
20 use a so called timing advance TA given by the base station to the mobile sta- 
tion to inform it of how much in advance it should transmit its signals so that 
the signals will arrive at the right moment and in the proper time slot to the 
base station regardless of the distance between the mobile station and the 
base station. Thus, the distance between the base station and the mobile sta- 
25 tion can be determined on the basis of the timing advance when the propaga- 
tion speed of the signals is known. 

The most significant advantage with the solution of the invention is 
thus that the position of the mobile station, that is both its direction and dis- 
tance from the base station, can be determined with significantly greater accu- 
30 racy than previously, which among other things makes it possible to make 
handover decisions on the basis of the location of the mobile station, whereby 
unnecessary handover operations can be avoided, and for example to locate a 
stolen mobile station with greater accuracy than before. 

So that temporary disturbances would not significantly disturb the 
35 determining of the position of the mobile station, in a preferred embodiment of 
the invention the mean value of the signal levels of the signals received by the 
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respective antennas from a certain mobile station is calculated for a certain 
time period, whereby the position of the mobile station is determined on the 
basis of toe mean values jaf the calculgtgd rejgti ^ns^^ 




le method and base station of the 
5 invention are revealed in the attached dependent claims 2-4 and 6-8. 

In the following the invention will be described in more detail in a 
few preferred embodiments by mean of the attached drawings, in which 

Figure 1 shows a flowchart of a first preferred embodiment of the 
method of the invention, 
10 Figure 2 illustrates a first preferred embodiment of a base station of 

the invention, 

Figure 3 shows an enlargement of the receiving beams of the base 
station in Figure 2 t and 

Figure 4 shows a block diagram of the base station in Figure 2. 
15 Figure 1 shows a block diagram of a first preferred embodiment of 

the method of the invention. The block diagram in Figure 1 can, for example, 
be applied in a base station of the GSM system to determine the position of a 

mobile station p6 ^^,oF Ttf* XMV^Tiy 

InTrtQ ck A s i g nals are received from a mobile station MS by several 

20 antenna beams directed in different directions. The antenna beams used are 
preferably relatively narrow beams that are directed so that they at least partly 
overlap (compare with Figure 2). 

In block B the received signal strength indication RSSI of the re- 
ceived signal is measured for the signals received by the respective beams. 

25 In block C a mean value is calculated for the RSSI values measured 

within a certain time span for each beam. By calculating the mean value for 
the RSSI values it can be avoided that temporary disturbances influence the 
locating of the mobile station. For example in the GSM system the time span 
in question can be chosen so that the mean value is calculated for a few 

30 bursts received from the mobile station. 

In block D a first beam is chosen which has the highest RSSI mean 
value (=RSSI1). In addition to this at least one of the adjacent beams is cho- 
sen as a second beam, whereby preferably the beam with the higher RSSI 
mean value (=RSSI2) is chosen. 

35 In block E the RSSI values for the different beams are compared by 

calculating the ratio of the RSSI mean values RSSI1/ RSSI2 for the chosen 
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beams. 

In block F it is checked if the RSSI ratio for the beams is greater 
than the predetermined reference value K. The reference value is chosen so 
that it is essentially greater than 1. If the RSSI ratio exceeds the reference 
5 value that denotes that the audibility of the mobile station is much better by the 
first chosen beam than by the second chosen beam, which means that the 
mobile station is located in the direction of the centre of the first beam. Hereby 
a transfer is made to block G, where the direction of the first chosen beam is 
specified, which is the direction where the mobile station is located. 

10 In block H it is checked if the RSSI ratio is nearly 1. If that is the 

case it denotes that the audibility of the mobile station is almost equally good 
via both the chosen beams. This again means that the mobile station is lo- 
cated in the border zone between the two beams. Hereby a transfer is made to 
block I, where the direction is specified where the border zone between the 

15 beams (and the mobile station) is located. 

Provided that the RSSI ratio of the beams is not greater than the 
reference value K, neither the RSSI ratio nearly 1 , a transfer is made to block 
J. Thus it is ascertained that the audibility of the mobile station is somewhat 
better via the first chosen beam than via the second chosen beam, which 

20 means that the mobile station is located between the centre of the first chosen 
beam and the border zone between the chosen beams. If it is necessary to 
determine the direction to the mobile station more accurately than that, the di- 
rection in question can be determined by the RSSI ratio of the beams. That 
requires measurements made in advance so that a precise picture can be had 

25 of how the RSSI ratio between the beams changes when the mobile station 
moves from the border zone between the beams to the centre of the first 
beam. 

By following the flowchart in Figure 1 only the direction from the 
base station to the mobile station can be determined. In addition to this it can 
30 be necessary also to determine the distance from the base station to the mo- 
bile station. According to the invention the distance in question can be calcu- 
lated on the basis of the timing advance given to the mobile station by the 
base station, that is 



35 



distance = timing advance * propagation speed of the radio signals 
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How accurately the position of the mobile station can be determined 
in relation to the base station of course depends on the width of the antenna 
beams used and how accurately the base station calculates the timing ad- 
vance for the mobile station. For example in the GSM system the position of 
5 the mobile station can be determined as described above with an accuracy of 
typically about 0,5 x 0,5 km, when the width of the antenna beams is about 
30°. 

Figure 2 illustrates a first embodiment of a base station of the in- 
vention. The base station BTS1 in Figure 2 can, for example, be a base station 
10 in the GSM system, which base station comprises equipment for receiving sig- 
nals transmitted by the mobile station MS from the radio ceil in the figure si- 
multaneously by four receiving beams 1 - 4. In Figure 2 the boundaries of the 
radio cell have been illustrated by a dash line R. 

The mobile station MS of Figure 2 is located in the border zone 
15 between beams 1 and 2, whereby its audibility is almost as good by beam 1 as 
by beam 2. That is the RSSI ratio for beams 1 and 2 calculated by the base 
station BTS1 is nearly 1. 

Figure 3 shows an enlargement of the receiving beams 1 and 2 of 
the base station in Figure 3. It is assumed that the base station BTS1 has re- 
20 ceived the signals with greater signal strength via beam 1. In that case the 
mobile station that has transmitted the signals in question is located in the 
area covered by beam 1 . If the mobile station is located in the centre of beam 
1, that is in the striped area A1 in Figure 3, the base station will recognize that 
as the calculated RSSI values for beam 1 are considerably greater than those 
25 for beam 2. That is the RSSI ratio is essentially greater than 1 . 

If the mobile station is located in the border zone A2 between the 
beams the base station will recognize that as the RSSI values calculated for 
beams 1 and 2 are essentially as great, that is the RSSI ratio is nearly 1 . 

If the mobile station is located between the centre A1 of beam 1 
30 and the border area between beams 1 and 2, that is in the area A3, the base 
station will recognize that as the RSSI values measured for beam 1 are 
somewhat greater than the RSSI values measured for beam 2. 

Figure 4 shows a block diagram of the base station in Figure 2. The 
signals related to the same logical channel that are received by the base sta- 
35 tion BTS1 by the antenna beams 1 - 4 are fed through band-pass filters 7 and 
amplifiers 6 to the RSSI receiver 8 of the base station. In Figure 4 the RSSI 
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receiver 8 is shown in connection with the base station, but to facilitate cabling 
the RSSI receiver can also be arranged in connection with an antenna ele- 
ment in the antenna mast of the base station. 

In the example in Figure 4 there are 4 inputs and one output. The 
5 RSSI receiver chooses one of the signals fed into its inputs for further trans- 
mission via its output to the receiver RX of the base station. In the base station 
in Figure 4 the RSSI receiver 8 chooses a signal for further transmission by 
measuring the signal level RSSI for the signals received by each antenna 
beam 1-4 and by choosing the beam for which the greatest RSSI value has 

10 been measured. Alternately the RSSI receiver can choose the beam also in 
some other way, by also including a value representing signal quality like the 
bit error ratio BER in addition to the RSSI value. A solution like that will, how- 
ever, complicate the construction of the RSSI receiver. 

If such a receiver is used that can manage diversity reception, the 

15 RSSI receiver can have two outputs, whereupon the RSSI receiver chooses 
the two best antenna beams for use and transmits the signals received by 
these further to the actual receiver of the base station. With an arrangement 
like this an improvement of about 3 dB can be achieved in the reception of 
signals from a mobile station in the border zone between the sectors. 

20 According to the invention the RSSI receiver 8 feeds the RSSI val- 

ues measured for the respective beams to the calculator 9. The calculator 9 
can for example be a processor and a computer program added to the base 
station for locating the mobile station. 

The calculator 9 calculates the mean value of the received signals 

25 for each antenna beam on the basis of the measuring results. Since the base 
station in Figure 4 is a base station of the GSM system, where the frequency 
channels have been divided into time slots according to the TDMA principle, 
the calculator 9 first calculates a mean value for each antenna beam sepa- 
rately for each logical channel. After this the calculator specifies the direction 

30 from the base station to the mobile station as shown in the flowchart in Figure 
1. 

A signal denoting the timing advance TA given to the mobile station 
by the base station is according to the invention also fed to the calculator 9. 
On the basis of this signal the calculator calculates the distance to the mobile 
35 station as described in connection with the flowchart in Figure 1 . 

The signal POS fed from the output of the calculator thus denotes 
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the position of the mobile station in relation to the base station (direction + 
distance). For instance handover operations can be timed better on the basis 
of this information, since they are then based on information about the position 
of the mobile station. Additionally the information about the position of the mo- 
5 bile station can be transmitted further via the base station controller and the 
mobile switching centre to the network management centre, whereupon the 
operator can determine the position of the mobile station with even greater ac- 
curacy from the network management centre. 

It is to be understood that the above description and the related 
10 drawings are only intended to illustrate the present invention. Thus the inven- 
tion can also be applied in other cellular radio systems than the GSM system. 
To those skilled in the art various other modifications and variations of the in- 
vention will be apparent within the scope and spirit of the present invention 
disclosed in the attached claims. 



